An optimized batch fermentation process for the conversion of cattle feedlot waste filtrate, supplemented with cheese whey, into a nitrogenous feed supplement for ruminants is described. Feedlot waste filtrate supplemented with cheese whey (5 g of whey per 100 ml) was fermented by the indigenous microbial flora in the feedlot waste filtrate. Ammonium hydroxide was added to the fermentation not only to maintain a constant pH but also to produce ammonium salts of organic acids, which have been shown to be valuable as nitrogenous feed supplements for ruminants. The utilization of substrate carbohydrate at pH 7.0 and 43°C was >94% within 8 h, and the crude protein (total N x 6.25) content of the product was 70 to 78% (dry weight basis). About 66 to 69% of the crude protein was in the form of ammonia nitrogen. Lactate and acetate were the predominant acids during the first 6 to 8 h of fermentation, but after 24 h, appreciable levels of propionate and butyrate were also present. The rate of fermentation and the crude protein content of the product were optimal at pH 7.0 and decreased at a lower pH. For example, fermentation did not go to completion even after 24 h at pH 4.5. Fermentation proceeded optimally at 43°C, less so at 37°C, and considerably more slowly at 23 and 50°C. Concentrations of up to 15 g of cheese whey per 100 ml of feedlot waste filtrate were fermented efficiently. Fermentation of feedlot waste filtrate obtained from animals fed low silage-high grain, high silage-low grain, or dairy rations resulted in similar products in terms of total nitrogen and organic acid composition.
of livestock wastes produced annually in the United States (2, 3, 10, 20, 34) . Nearly 50% of these wastes are generated in confined animal production systems such as cattle feedlot operations (34) . The disposal of large volumes of feedlot waste represents a critical problem with respect to environmental pollution, a loss of large volumes of potentially utilizable nutrients (2 x 109 kg of total nitrogen), and a financial drain to the livestock industry (4, 27) . Feedlot waste can be considered a valuable renewable resource if properly utilized. The recycling of feedlot waste as a livestock feed ingredient would partially alleviate the disposal problem and supplement our feed resources. A number of reviews (1, 3, 10, 11, 18, 21) and reports regarding the use of unfermented, ensiled (14, 25) , or fermented (24, 29, 32, 33) feedlot waste as a livestock feed have been published.
Ammoniated organic acid fermentation of agricultural wastes into nitrogenous feedstuffs appears to be a novel and efficient solution to the problem of agroindustrial wastes (13) . This approach has been successfully used for recycling cheese whey as a crude protein supplement for ruminants (6, 17, 28) . This product has since been approved as a feed supplement by the U.S. Food and Drug Administration (CFR 573-450). Reddy and Erdman (27) later described an anaerobic, ammoniated organic acid fermentation process for the conversion of cattle feedlot waste filtrate into a potentially useful nitrogenous feedstuff for ruminants. In this t Present address: U.S. Department of Agriculture, P.O. Box 748, Tifton, GA 31793.
process, feedlot waste filtrate, which contains 72% of the total nitrogen in feedlot waste but is deficient in a fermentable energy source, was supplemented with either of two complementary carbohydrate-rich agricultural wastes: cheese whey (28) or starch recovered from potatoprocessing wastes (12) . The combined substrate was anaerobically fermented batchwise by indigenous microbiota in feedlot waste at 43°C and pH 5.5 for 24 h. The objective was to maximize the conversion of carbohydrate in the substrate into organic acids and to neutralize the organic acids with ammonia to produce their ammonium salts. Ammoniated organic acids were shown to be superior to urea and comparable to soybean meal as nitrogenous feed supplements for ruminants (6. 13, 17) . Advantages inherent in this approach, compared with processes for single-cell protein production for wastes, were summarized previously (27) .
The purpose of this investigation was to study the effects of pH, temperature, cheese whey concentration, and other variables on the rate of fermentation and the types and quantities of organic acids produced during the fermentation and to define optimal operating conditions for the batch fermentation of feedlot waste filtrate.
MATERIALS AND METHODS
Substrate. Unless otherwise stated, fresh (.--1-day-old) feedlot waste, collected from finishing steers fed a high-silage ration (88% corn silage, 12% soybean meal), was used throughout this study. The feedlot waste, which contained on the average 16.5%, total solids, was diluted 1:1 (wt/wt) with water, mechanically agitated for 30 min, and filtered through a screen (mesh size, 3 20 -liter batch fermentations were performed as previously described (9, 27) , except that the fermentations were conducted at pH 7.0 and 43 + 0.5°C unless otherwise indicated. The pH in the fermentor was maintained at a preset level, as described previously (27) , with an automatic pH controller assembly connected to an electric solenoid valve. As the pH drops, the solenoid valve opens and allows the addition of ammonium hydroxide. Once the pH rises to the preset level, the controller terminates the electrical transmission to the solenoid valve, and the addition of base stops. Indigenous microbiota in feedlot waste filtrate served as the inoculum.
Analytical procedures. Samples (80 ml) were collected in glass screw-cap bottles at various times during the fermentation and stored at -18°C until analyzed. All samples were analyzed for total nitrogen, ammonia nitrogen, lactose, total solids, and volatile and nonvolatile acids. The total-nitrogen concentrations of whole samples were determined by the micro-Kjeldahl procedure (31) . The total solids were determined gravimetrically by the drying of 50-to 70-g samples at 50°C and reduced pressure to a constant weight. The supernatant obtained by centrifugation (20,000 x g for 30 min at 4°C) of the samples was used to determine concentrations of volatile and nonvolatile fatty acids in a gas chromatograph equipped with a flame ionization detector and temperature programming (Model 5730A; Hewlett-Packard Co., Palo Alto, Calif.). Volatile acid concentrations were determined with a column packing of 3% Carbowax 20M (Union Carbide Corp., New York, N.Y.)-0.5% H3PO4 on 60/80 Carbopack B (Supelco, Inc., Bellefonte, Pa.) by the procedure of DiCorcia and Samperi (7), except that the column temperature. initially 100°C, was raised (4°C/min) to 200°C. Nonvolatile acids were esterified and extracted by the procedure of Holdeman and Moore (16) and were injected onto a column of 10% SP-1000-1% H3PO4 on 100-120 Chromosorb W AW (Supelco). The column temperature, initially 90'C. was raised (4°C/min) to 130°C. The determination of lactose concentration by the procedure of Dubois et al. (8) . as modified by Montgomery (23) , and the determination of ammonia as described by Oser (26) were performed on 5.0 ml of supernatant which had been treated with 1. Effect of pH. The effect of pH upon fermentation. as measured by the rate of increase in total nitrogen is presented in Fig. 2A . Fermentations maintained at pH 6.5, 7.5 (data not shown), or 7.0 had the fastest rate of total-nitrogen increase and lactose utilization (Fig. 2B ) and were essen- tially complete within 6 to 8 h. Fermentations maintained at pH 4.5 and 5.0 had the slowest rate of total-nitrogen increase and lactose utilization. The fermentation maintained at pH 7.0 was considered optimal, however, because larger amounts of total nitrogen were present in this product than that obtained at pH 6.5 (data not shown), and nitrogen losses during storage were lower in the product formed at pH 7.0 than were present in the product formed at pH 7.5 (data not shown).
Organic acid composition was affected rather dramatically by pH and duration of fermentation (Fig. 3A to C) . At pH 7.0 (Fig. 3C) , lactate and acetate were the predominant acids after 6 to 8 h and accounted for 72 and 26%, respectively, of the total acids produced. On the other hand, lactate, acetate, propionate, and butyrate were predominant after 24 h (37, 23, 3, and 37%, respectively). Somewhat similar results were obtained with fermentations conducted at pH 5.5 (Fig. 3B) , 6 .0, and 7.5 (data not shown). In contrast, the fermentations were essentially of the homolactic type (5) at pH 4.5 (Fig.  3A) and 5.0 (data not shown).
Effect of temperature. Optimum fermentation, as determined by the most rapid increase in total nitrogen and the highest total-nitrogen concentration after 5 h, occurred at 43°C, and the fermentation was essentially complete within 6 h, whereas fermentations maintained at 37°C required 8 to 10 h for completion (Fig. 4) . Fermentations conducted at 23 and 50°C were incomplete even after 20 h. When fermentation was initiated at ambient temperature (20 to 23°C) and the fermentation temperature was not controlled, there was an initial lag period of about 8 h followed by rapid fermentation for between 10 and 20 h. In this fermentation, the temperature rose from 23°C at zero time to 33°C at the peak of fermentation (18 to 20 h after initiation), indicating that a considerable amount of heat was being generated endogenously. Acetate and lactate accounted for 38 and 58%, respectively, of the total acids after 24 h of this fermentation. The pattern of acid production during the first 6 to 8 h in fermentations conducted at 37°C was comparable to the pattern seen in fermentations conducted at 43°C. However, after 24 h, lactate, acetate, propionate, and butyrate accounted for 67.8, 16.0, 3.7, and 10.1%, respectively, of the total acids at 37°C. In contrast, at 43°C, lactate, acetate, propionate, and butyrate accounted for 36.2, 37.3, 11.8, and 13.2%, respectively, of the total acids after 24 h of fermen- tation at 43°C (Fig. 3C) . In fermentations conducted at 23 and 50°C, the total-organic-acid production was considerably lower than that of fermentations conducted at 43°C (Fig.  4) . Lactate and acetate accounted for 75.7 and 19.3% of the total acids, respectively, after 24 h at 23°C, whereas in fermentations maintained at 50°C, acetate and butyrate accounted for 66.6 and 31.1% of the total acids, respectively.
Effect of initial concentrations of cheese whey powder. Fermentation with initial cheese whey powder concentrations of 5 or 10% proceeded rapidly and went to completion in 8 h. With an initial cheese whey powder concentration of 15%, 16 h was required for completion of the fermentation, whereas with an initial cheese whey powder concentration of 20%, the fermentation was incomplete even after 32 h (data not shown). Similar to the fermentations supplemented with 5% cheese whey powder, lactate and acetate were the predominant acids (78.8 and 18.6%, respectively) in fermentations supplemented with 10% cheese whey powder. Similar results were obtained in fermentations supplemented with 15% or 20% cheese whey powder (data not shown). In fermentations initially supplemented with 0, 5, 10. 15, and 20 g of cheese whey powder per 100 ml, the total organic acids concentrations at 24 h (in micromoles per ml) were 40, 501, 1,000, 1,314, and 1,040, respectively. Although we routinely supplemented feedlot waste filtrate with cheese whey powder because it is a uniform and convenient substrate, we also conducted several fermentations in which fresh whey or deproteinized whey was used as the supplemental carbohydrate source. These were similar to fermentations supplemented with initial cheese whey powder concentrations of 5% in all parameters tested (data not shown).
Effect of ration composition. The objective of the ration composition experiment was to determine the variation, if any, in fermentation rate and product composition when feedlot waste filtrate from animals fed low silage-high grain, high silage-low grain, or typical dairy rations was used. No appreciable differences were observed (data not shown) in the rates of fermentation, as determined by the rate of increase of total nitrogen, when feedlot waste filtrate from animals fed one of the three different rations was fermented. The rates of production and the composition of organic acids were similar for all three fermentations.
Effect of manure storage. In the manure storage experiment, fermentation of feedlot waste filtrate derived from fresh manure and that of feedlot waste filtrate derived from manure stored for 91 days outside at ambient temperature in late Fall were compared. Both fermentations were supplemented with 5 g of cheese whey powder per 100 ml of fermentation broth. The (27) . The process described here is also 6 to 12 times faster, and the crude protein content of the product is much higher than that obtained during previously described aerobic fermentation of feedlot waste filtrate by fungi and streptomycetes (33) , Triclhoderina *'iride (15. 19, 24) , or indigenous microbiota in feedlot waste (29, 32) .
Feedlot waste filtrate is known to contain 70 to 80% of the total nitrogen originally present in feedlot waste (30) . Thus, the process described here allows the recycling of approximately 20% of the total solids and most of the total nitrogen originally present in feedlot waste. Simultaneously, the process also allows the recycling of a complementary waste carbohydrate source such as cheese whey, which also constitutes a serious disposal problem for the dairy industry (28) . Cheese (27) . The optimized batch fermentation process described here for the production of ammoniated organic acids is an attractive alternative to the disposal of two important agroindustrial wastes, cattle feedlot wastes and cheese whey. It is simple, efficient, and easily adaptable to the processing of feedlot waste at the source. The process is anaerobic, thus eliminating high equipment costs involved in aeration. Most of the substrate carbon is conserved as fatty acids, which are good sources of energy for the ruminant. There is no need to sterilize the medium or to supplement it with growth factors, and separate inoculum need not be added; thus, further reduction in operating costs are achieved.
The potential for animal and human health problems related to the recycling of animal wastes by feeding has been discussed previously (11, 22) . In this study, no aerobic or anaerobic pathogens were detected. These and other results (32, 33) suggest that feeding fermented feedlot waste to cattle does not pose an unacceptable risk to animal or human health. However, more-detailed investigations are needed to conclusively establish the safety and efficacy of this product.
